Respiratory Physiology and Pathology [Summary] 
The relation between morbid anatomy and physiological function in the lungs was first represented by two elastic spheres attached to a branched tube. This model and its variants serve well to explain distribution of inspired gas; but it fails when gas mixing is considered because it makes an impossible assumptionmixing in the distensible spheres is supposed to be instantaneous and perfect, whilst mixing in the conducting tube is required to be zero. Thus the junction between these two zones (which is in the gas phase) demands an impossible physical situation and the model requires modification. Various models to explain mixing within the known lung anatomy have been proposed; the main difference between these models lies not in the representation of the anatomical information but primarily in the assignation of boundary conditions and secondarily in the approximations which are necessary to the analytic technique. A model is as good as its boundary conditions, and these have proved difficult to define. Though the application of anatomical knowledge is not difficult, our knowledge of the microanatomy of the airways and the lung is very superficial.
The use of models is practised on an increasing scale, and it is unfortunate that their use is so limited, confined as it is to statements of what is not possible and only tentative suggestions of what is possible. Modelling does, however, give great assistance in defining problems with some clarity and in suggesting profitable lines of experimental work. There are three principal morphometric methods available for the study of normal and pathological structure and ultrastructure. These are concerned with: (1) determination of the volumes of the components making up various tissues and organs;
(2) counting of the numbers of structures in organs, tissues or cells; and (3) estimation of surface area. All the methods require careful sampling procedures (Dunnill 1964) and depend on analysis of thin sections. It is proposed briefly to describe these methods and illustrate them with examples from the lung, placenta and kidney.
Volume Determination
Determination of the volume of an organ both before and after fixation is most conveniently carried out by a water displacement method, or, in the case of very small organs such as the pituitary, by using Simpson's rule (Adams et al. 1963) . Differential volumetry involving the determination of the volumes of the different components making up an organ, e.g. the volumes of the cortex, medulla and pelvic tissues of the kidney, depends upon the theorem of Delesse (1848). He was a geologist concerned with measuring quantitatively the mineral content of rock and his theorem states: 'In a rock, composed of a number of minerals, the area occupied by any given mineral on a surface of a section of the rock is proportional to the volume of the mineral in the rock.' This theorem is equally applicable to tissues and organs in biology and the task of differential volume determination thus resolves itself into the determination of areas, or ratios of areas, of the various components on a cut I 537
